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Immunoassays are one of the most powerful of all immunochemical 
techniques. They employ a wide range of methods to detect and 
quantitate antigens or antibodies and to study the structure of an- 
tigens. With the appropriate assay, they can be remarkably quick and 
easy, yielding information that would be difficult to determine by other 
techniques. This chapter is divided into four sections, presenting (1) 
an overview of the different types of immunoassay, (2) a guide to help 
in choosing which assay to use, (3) the protocols themselves, and (4) 
the design of immunoassays. 

B TYPES OF IMMUNOASSAYS ■■■■■■■■■■■■■■^^ 

There are many variations on the ways in which immunoassays can be 
performed, and they can be classified on the basis of many different 
criteria. In this manual, immunoassays are classified on the basis of 
methodology. Within each group, the principle and the order of the 
steps are similar. However, the variable that is being tested may 
change. For example, by changing certain key conditions, an assay can 
be altered to determine either antigen or antibody level. The steps are 
similar, but the assays yield different results. Although this organiza- 
tion provides a good structure to discuss technical strategies and 
problems, it is not always apparent which assays should be used for 
which applications, particularly to the novice. The section starting on 
p. 557 is designed to act as a guide to determine which assays may be 
appropriate for different applications. 

As described here, the three classes of immunoassays are (1) the 
antibody capture assays, (2) the antigen capture assays, and (3) the 
two-antibody sandwich assays. The general procedures for these three 
types of assays are depicted in the cartoons in Figure 14.1, 14.2, and 
14.3. 



ANTIBODY CAPTURE ASSAYS 




Bind Antigen Bind Antibody Quantitate 

to Solid Phase to Antigen Antibody 

FIGURE 14.1 

Antibody-capture assay. 
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rWO-ANTIBODY ASSAYS 




Bind First Bind Antigen Bind Second Quanlilate 

Antibody to to Antibody Antibody to Second Antibody 

Solid Phase Antigen 



FIGURE 14.2 

Two-antibody assays. 

In an antibody capture assay, the antigen is attached to a solid 
support, and labeled antibody is allowed to bind. After washing, the 
assay is quantitated by measuring the amount of antibody retained on 
the solid support. In an antigen capture assay, the antibody is attached 
to a solid support, and labeled antigen is allowed to bind. The unbound 
proteins are removed by washing, and the assay is quantitated by 
measuring the amount of antigen that is bound. In a two-antibody 
sandwich assay, one antibody is bound to a solid support, and the 
antigen is allowed to bind to this first antibody. The assay is quanti- 
tated by measuring the amount of a labeled second antibody that can 
bind to the antigen. See Silman and Katchalski (1966) for an early 
review of the use of immobilized antibodies and antigens. 
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Bind Antibody Bind Antigen Quantitate 

to Soiid Phose to Antibody Antigen 

FIGURE 14.3 

Antigen-capture assay. 
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DECIDING WHERE TO START 



competition, or as an anfen comn-^^^^ ^"'^^^^^ 

excess or as antigen coStioTLH^^^^ ^^-^ }^ antibody 

antigens, while antigen exce« nr =n?K^. ^° '^^^^^^ ^nd quantitate 

to detect and quanUtate ant bod^^ 

three classes yields a total of 12 t 'siWe ini^^^ '^'"^''^"f 

every combination leads to a useful however, not 

possibilities are commonly user Ren^.?. ?^'^^' ^^^^ ^^^^ of the 

these six assays are given on pp 56^-590 ^^^^ 

the"cSL^^ TJtZ:'^^ ^^"^^'^-^^ - Choosing 
are available (poVclonalZZd?/^^^ tLat 
bodies, a single monoctnaTan^^ ^''^^'^^-^^ anti- 
antibodies) and whether pure 0^1^1011^^^^ ""^'^ monoclonal 
lists the possible choices based on ?hl available. Table 14.1 
assays in an order showlnglhL^^^^^^^^^^^^^ ^-Ps the 
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TABLE 14.1 

Choosing an Assay Protocol 

Type of 



To measure 



Antigen 
Presence 
or 

Quantity 



Antibody 
Presence 
or 

Quantity' 



antibody 
available 



Type of 
antigen 
available 



Assay 
choices' 



Polyclonal 
antibodies 



Pure 



Impure 



1. Antigen capture (Ag competition), p. 586, 588 

2. Antibody capture (Ag competition), p. 570 



Affinity-purified 
polyclonal 
antibodies 



1. Antibody capture (Ab excess), p. 574 
Other assays possible, but 
need secondary technique 



Pure 



Impure 



One 
monoclonal 
antibody 



Pure 



1. Two-antibody sandwich, p. 580 

2. Antigen capture (Ag competition), pp, 586, 588 

3. Antibody capture (Ag competitio n), p. 570 

1. Two-antibody sandwich, p. 580 

2. Antibody capture (Ab excess), p. 574 



Impure 



Two-ormare - 
monoclonal 
antibodies 



1. Antigen capture (Ag competition), pp. 586, 588 

2. Antibody capture (Ag compe tition), p. 570 

1. Antibody capture (Ab excess), p. 574 
Other assays possible, but may 
need secondary technique 



-Pure- - 



Impure 



Polyclonal 
antibodies 

Affinity-purified 
polyclonal 
antibodies 
One 
monoclonal 
antibody 



Pure 



1. Two-antibody sandwich; p; 580 - - 

2. Antigen capture (Ag competition), pp. 586, 588 

3. Antibody capture (Ag compe tition), p. 570 

1. Two-antibody sandwich, p, 580 

2. Antibody capture (Ab excess), p. 574 



Impure 
Pure 



1. Antibody capture (Ag excess), p. 564 



Need sec ondary technique 
1. Antibody capture (Ag excess), p. 564 



Impure Need secondary technique 



Pure 



Antibody capture (Ag excess), p. 564 



Two or more 
monoclonal 
antibodies 



Impure Need secondary technique 



Pure 
Impure 



1. Antibody capture (Ag excess) , p. 564 
Need secondary technique 



The choice withm each group are listed in order of suggested preference 
For most assays used to measure antibody levels the amihnHv ic h J^^^^ • 

antibody. Thus, the antibody becomes the antigen ^ ^^^"^ "''""^ anti-immunoglobulin 
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Detecting and Quantitating Antigens 

To detect and quantitate antigens, the most useful method is the 
two-antibody sandwich assay (p. 579). These assays are quick and 
reUable and can be used to determine the relative levels of most 
protein antigens. However, they require either two monoclonal anti- 
bodies that bind to independent sites on the antigen or affinity-purified 
polyclonal antibodies. An example of the two-antibody sandwich assay 
is found on p. 580. 

If two monoclonal antibodies or affinity-purified polyclonal antibod- 
ies are not available, the next most useful assays for quantitating 
antigen are competition assays. For a competition assay, a sample of 
pure or nearly pure antigen is needed. There are two possible choices 
for assays using antigen competition. First, for an antigen capture 
assay (p. 585), the antigen is labeled and a constant amount of labeled 
antigen is mixed with the test solution which contains an unknown 
amount of the antigen. The solutions are then allowed to bind to a 
subsaturating amount of antibody bound to a solid phase. High levels 
of antigen in the test solution will reduce the amount of labeled antigen 
that can bind. Second, for an antibody capture assay (p. 563), a sample 
of pure or partially pure antigen is bound to the solid support. The 
antigen in the test solution is mixed with a preparation of labeled 
antibody and both are added to the solid support. High levels of 
antigen in the test solution will block the binding of the labeled 
antibody to the solid phase. 

If pure or partially pure antigen is not available, the next most 
useful assay for antigen detection will be an antibody capture assay. 
Here the test solution is bound to a solid phase and a saturating 
amount of labeled antibody is used to detect the antigen. Two further 
factors must be considered. Because of their specificity, monoclonal 
antibodies or affinity-purified polyclonal antibodies will be more accu- 
rate than polyclonal antibodies when the antigen is rare. Similarly, as 

. Jhe _antig_en. becomes, more abun.dant^. the_ specificity of the antibodie_s 

becomes less important 

Last, if rare antigens must be detected without the use of a pure 
sample of the antigen, the assay must be combined with a secondary 
technique. The secondary technique is used to distinguish the antigen 
from the background. Commonly used secondary techniques include 
immunoprecipitation, immunoblotting, and cell staining. 
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Detecting and Quantitating Antibodies 

ci^be d.'tPr^wn'''^-^''''^"'' P^^^^"^e level 

TTc ''''''^ ^ variation of the antibody capture assay (p. 

f .nin f ^ I Tu^^' P"'^^^^ °' P^^^^^^ly P""fied antigen is bound to 
LtiW V^^'n • te^i.«°l^tio^ containing an unknown amount of 
an ibody is allowed to bind to the antigen-matrix. The amount of 
antibody bound to the solid phase is determined by incubation with a 
labeled secondary reagent such as an anti-immunoglobulin antibody 
^X'^.^''^ u^^^^ 'V^ ^^^^"^ ^° determine the presence or level of 
antibodies by considering them to be a special class of antigens and to 
use anti-immunoglobulm amibodies to detect them. In these cases 
^amfgens" discussed above can be used to detect these 
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B PROTOCOLS FOR IMMUNOASSAYS i nf 

The different techniques for immunoassays have been divided into 
three classes: (1) antibody capture assays, (2) antigen capture assays, 
and (3) two-antibody sandwich assays. Antibody capture assays are the 
most versatile. Theycan be used to determine both antigen or antibody 
levels and to compare antibody binding sites. Two-antibody sandwich 
assays are one of the best techniques for determining the presence and 
quantity of antigens. Antigen capture assays can be used for many 
types of studies, but are most useful for antigen detection and quanti- 
tation. 

Two types of detection systems are commonly used for immuno- 
assays. These are iodinated reagents and enzyme-labeled reagents 
Assays that use iodinated reagents are easier to quantitate than en- 
zyme-labeled reagents, while enzyme asssys will often yield a quicker 
result. The various detection methods are discussed in detail on p. 591. 

Either iodinated or enzyme-labeled reagents can be used for direct 
or indirect methods. When using direct detection methods, the anti- 
body or antigen is purified and labeled using one of the techniques 
described on p. 319. For indirect detection, a labeled secondary re- 
agent that will bind specifically to an antibody is used. The secondary 
reagent can be labeled using one of the methods discussed on p. 319 
but in most cases it is simpler to purchase these labeled reagents from 
commercial sources. A third variation that uses properties of both 
direct and indirect detection is the biotin-streptavidin system. Here 
the antigen or antibody is purified and labeled with biotin (p. 340) The 
biotinylated reagent is detected by binding with streptavidin that has 
been labeled with iodine or an enzyme. Protocols for using all of these 
types of detection methods are given on p. 591. 



562 CHAPTER 14 



SUMfV9ARY I 
Antibody Capture immunoassays 

Detection limit is approximately 0.1-1.0 fmoie. about 0.01-0.1 ng 

• Rapid and easy /^-^ j V 

• Determines antigen presence and quantity 
•Quantitative . 

• Sensitivity dependent on specific activity of antigen and avidity of antibody 

• Needs high-avidity antibody 7 



^^^^^ 



Polyclonal 
Antibodies 



Affinity-purified 

Polyclonal 

Antibodies 



Monoclonal 
Antibodies 



Pooled ^ 
Monoclonal 
Antibodies 



Signal strength Fair 



Excellent 



Specificity Fair, but high Excellent 
background 



Good Features Availability 



Bad Features 



Background 

Spurious 

activities 

Often need 

secondary 

techniques 



Specificity 
Signal strength 



Availability 
Limited supply 



Antibody dependent 
(poor to excellent) 

Excellent, but some 
cross-reactions - 

Specificity 
Unlimited supply 
Purity 

Need moderate to 
high avidity 
antibody 



Excellent 
Excellent 



Signal strength ' 
Specificity 
Unlimited supply 
Purity 

Availability 
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Bind Antigen Bind Antibody Quantltate 

to Solid PhnsP tn Antln«an Af^flK/-^v/ 
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Antibody Capture Assays* 

bind to the immobilized antigen The pAhk ^^^'''^'^y ^"owed to 
or can be detected by usSfa label^^^^^^^ be labeled directly 

specifically recognize the antiLdv Th. ^''^^'^ '^^^^"^ that will 
bound determines the strength'of fhe 3^^^^^^^ °' ^"^^^^^^ that is 

The three factors that will aff^^rt thl ■ 
assay are (1) the amountTa/t gfn that'^hr? °' t ^"^ibody 
the avidity of the antibody for th. ! ^° ^he solid phase, (2) 
number of labeled moietil used to^H^'"'.""^ the type '^d 
amount of antigen that ic u.I° ^^^^^ the antibody. First th^ 

adjusted easily ^^tU^tc^S^^^^^ phase" an t 

concentration of the antigen sSution S ^"" dilution or 

achieved by changing the tvnrnf - "'^^^^ ^^^els can only be 

nitrocellulose arf tL two^°! '"P^^^t. Polyvinylchloride (PVC) and 
normally used as a mLotL'p^^^^^^ "^^^ ^tipports. PVC "is 

used m sheets. Nitrocellulose w iTL. 1 '"''^''^^^^^^ose is commonly 
protein than PVC per unit or ur ace S"'??"''^'' 
possible matrices.) The second J./ . u ^^^^ P- 605 for other 

an antibody capture assay fs C ^^^^'^t the sensitlvit^^^^^ 

immobilized antigen. Here if otJeran^^^^^^^^^^ the antibody for 'thl 
be substituted for the original Tf nth ^"tibodies are available, they can 
strength of the bindi^g^to ttf soHd^hf 

creased by using a hight concLt^attn of f '^^^ °^ten be in- 
discussion of the advantages of h/-^^ 

tration effects. Third, the t^pe of labl^'lh^/"'^'"^ ^oncen 
activity of the labeled reaSt wHi .ff ^V' "'"^ the specific 
usually are labeled with eftherTodinI f^^^ AntibodSs 

... biptin (p, 340). The number (^ LS^jid ^^i ^^V' ^"^ymes (p. 342), or 

antibody c-a„ be Wed ^o lms:tt\::'^t^^Z^''^-'^'^ 



■Described „ngi„aU. 6y Miles .„d „^,, (,,,3, „ 
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ANTIBODY CAPTURE ASSAYS— DETECTING AND 
QUANTITATING ANTIBODIES USING ANTIGEN 
EXCESS ASSAYS " 



When labeled antibody assays are performed with excess antigen on 
the solid phase (i.e., enough to saturate all the available antibody), the 
presence and level of antibodies in a test solution can be measured. To 
perform the assay, a preparation of purified or partially purified 
antigen is bound to a solid substrate. The test solution or dilution of the 
test solution containing an unknown amount of antibody is added. 
Antibodies in the test solution are allowed to bind to the immobilized 
antigen, and unbound antibodies are removed by washing. The pres- 
ence of the bound antibodies is detected using a labeled secondary 
reagent. This reagent could be labeled anti-immunoglobulin antibodies, 
protein A, or protein G (Chapter 15). Because the assay is performed 
using the indirect technique, the antibodies in the test solution never 
need to be purified. To quantitate the levels of antibody in the test 
solution, a titration of the test solution is performed, thus yielding the 
relative titers of the antibodies. 

The degree of purity of the antigen solution needed for this assay 
will depend on the specificity of the antibodies in the test solution. 
Polyclonal sera will contain extraneous antibodies that will bind and 
score against some antigen preparations. Often these can be distin- 
guished by titrating the sera. Because of their specificity, solutions of 
monoclonal antibodies can be tested using less pure sources of antigen. 

1. Prior to the assay, prepare the secondary reagent. Suitable sec- 
ondary reagents include anti-immunoglobulin antibodies, protein 
A, or protein G. These labeled reagents can be purchased from 
commercial sources with many different labels or can be prepared 

— as. described en p^319, - - 

2. The most widely used solid phase for these assays is a PVC 
microtiter plate. Cut the plate to the correct size for the number of 
assays. 

3. Bind the pure or partially pure antigen to the bottom of the wells 
by adding 50 ^1 of antigen solution to each well. PVC will bind 
approximately 100 ng/well (300 ng/cm"). If maximal binding is 
required, use at least 1 /xg/well (20 jag/ml). Although this is well 
above the capacity of the PVC, the binding will occur more rapidly, 
and the binding solution can be saved and used again. If the 
antigen is rare or expensive, lower amounts of antigen can be 
added, but the sensitivity of the assay will decrease. If no other 
buffer is dictated, dilutions of antigen should be done in PBS. 
Avoid extraneous proteins and detergents which will compete with 
the antigen for binding to the plate. 

4. Incubate for 2 hr at room temperature in a humid atmosphere. 
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^' nte^t Th.l^T '""'"t ^^'^ ^ ^q^i^t bottle is conve- 

^hTniJ ^^^hes can be removed by flickin. 

the plate over a suitable waste container. nicKin^ 

6. The remaining sites for protein binding on the PVC plate must he 
satura ed by incubating with blocking buffer. FUl the wellT?o the 
top with 3% BSA/PBS with 0.02% sodium azide. Incubrte for 2 hr 
to overmght m a humid atmosphere at room temperature 

7. Wash the plates twice with PBS. 

^' hr at^rnnL°^ ^"^'^^"^^ ^^'^ ^° ^^^^ well. Incubate for 2 

hr at room temperature in a humid atmosphere. 

^' fseeri66\''An";n;'K^H^ ^^^^l^J be assayed 

iTh o;02% soLTazfdr^''^^^^ '^^^^ ^^-^ ^s^^p^s 

10. Remove the unbound antibody by four washes with PBS. 

hr attom^1m^^^^^^^^^^ ^^^^^"^^ ^^^^ate for 2 

12. For accurate quantitations, the amount of labeled secondary re 

should not be used with horseradish peroxidase det^ctfon systems 
wfth pes''"' '"'""'^^^^ ^^^^^"^ ^-^Wng four times 

Determine and quantitate the amount of labeled secondary reagent (p. 

NOTES 
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ii. Any of blocking solutions on p. 496, Table 12.2, can be substituted for the 
3% BSA solution. 

iii. Antigen-coated plates can be stored after the blocking step (step 6) either 
in PBS with 0.02% sodium azide at 4'C for 1 week or indefinitely at -20°C 
after removing the blocking solution. 

iv. For some applications or with some antibodies, the signal strength can be 
increased by using longer incubation times. For rapid semi-quantitative 
assays, the incubation times can be shortened to between 30 min and 1 hr. 
The blocking step must still be 2 hr or more. 



MAKING THE ASSAY QUANTITATIVE 

To compare the levels of antibody in different samples, prepare serial 
dilutions of each antibody test solution in blocking buffer. Perform the 
remainder of the assay as above. To determine the relative amounts of 
antibody, compare the midpoints of the titration curves. These assays 
will provide a relative measure of specific antibody concentration To 
ensure that the assays are accurate, the amount of secondary labeled 
reagent that is used must be in excess. Nonsaturating amounts of 
labeled secondary reagent will yield good, but not excellent com- 
parisons. The level of secondary antibody needed for saturation can be 
determined by titrating the secondary reagent, diluted in blocking 
butter, on plates with saturating amounts of the primary antibody 



OTHER APPLICATIONS 

• Class /subclass determination By changing the secondary reagent 
to class- or subclass-specific anti-immunoglobulin antibodies, the 
class or subclass of a particular monoclonal antibody can be de- 
termined easily. 

i Trybndoma screen " THis-techhique Is "used as "one of "the most 'com-' " 
mon methods for screening hybridoma tissue culture superna- 
tants after fusion. See Chapter 6 for an example 
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ANTIBODY CAPTURE ASSAYS— COMPARING ANTIBODY 
BINDING SITES USING AN ANTIBODY COMPETITION ASSAY 



When antibody capture assays are performed using the antibody 
competition variation, the binding sites for two monoclonal antibodies 
can be compared. To use this assay, a sample of purified or partially 
purified antigen is bound to a solid support. Then two monoclonal 
antibodies are added, one labeled and one unlabeled. If the labeled 
antibody and the unlabeled antibody bind to separate and discrete sites 
on the antigen, the labeled antibody will bind to the same level whether 
or not the competing antibody is present. However, if the sites of 
interaction are identical or overlapping, the unlabeled antibody will 
compete, and the amount of labeled antibody bound to the antigen will 
be lowered. If the unlabeled antibody is present in excess, no labeled 
antibody will bind. With this assay, one monoclonal antibody will need 
to be purified and labeled, but none of the antibodies used as com- 
petitors need be purified. 

Because only monoclonal antibodies are used in this technique the 
antigen preparation need not be particularly pure. Samples containing 
as httle as 1% pure antigen may be used, provided there are no 
cross-reacting proteins in the preparation. 

1. Prior to the assay, purify and label each of the monoclonal antibod- 
ies that will be studied. Purification techniques are discussed in 
Chapter 8 and labeling techniques in Chapter 9. 

2. The most widely used solid phase for this assay is a PVC microtiter 
plate. Cut the plate to the correct size for the number of assays. 

3. Bind the standard antigen solution to the bottom of the wells by 
adding 50 ^1 of antigen solution to each well (20 Mg/ml) PVC will 

- . - bind ajjpro.ximateljL lOD jig/ well (300 ng/ cm' X If -maximal binding is 
required, use at least 1 /xg/well. Although this is well above the 
capacity of the PVC, the binding will occur more rapidly and the 
binding solution can be saved and used again. Avoid extraneous 
proteins, detergents, or other compounds that will lower the binding 
capacity of the PVC. If the choice of buffer is not dictated by 
experimental design, dilutions should be done in PBS. 

The amount of antigen bound to the wells should be high enough to 
produce an easily detectable antibody binding signal, but high 
concentrations also have some disadvantages. As the amount of 
antigen bound to the solid phase increases, the amount of com- 
petitor that is needed will increase. The amount of antigen should 
be titrated to the lowest needed to achieve a strong signal thus 
increasing the sensitivity of the assay. 

4. Incubate for 2 hr at room temperature in a humid atmosphere. 



5. Wash the plate twice with PBS. A 500-ml squirt bottle is convenient. 
The antigen solution or washes can be removed by flicking the plate 
over a suitable waste container. 

6. The remaining sites for protein binding on the PVC plate must be 
saturated by incubating with blocking buffer. Fill the wells to the 
top with 3% BSA/PBS with 0.02% sodium azide. Incubate for 2 hr to 
overnight in a humid atmosphere at room temperature. 

7. Wash the plate twice with PBS. 

8. To each well add a mixture of two antibodies, one labeled and one 
unlabeled. Incubate for 2 hr at room temperature in a humid 
atmosphere. 

All antibody dilutions should be done in 3% BSA/PBS with 0.02% 
sodium azide. Buffers with azide should not be used when the 
detection system depends on horseradish peroxidase. 

To optimize this assay, the amount of labeled antibody should be 
titrated and used at a subsaturating level. These values can be 
determined in preliminary tests. For accurate quantitations, the 
amount of cold competitor should be titrated, and the midpoints of 
the competition curves compared. 

9. Remove the unbound antibodies by four washes with PBS. 

Determine and quantitate the amount of labeled antibody bound to the 
plate (p. 591). 



t40TES^ 

i. If the amount of antigen bound to the plate is too low to produce a strong 
signal, the solid support can be changed to nitrocellulose, which can bind 
approximately 1000 times more protein per surface area. Nitrocellulose 
can be purchased either as sheets or sealed to the bottom of microtiter 
wells. See p. 606 for special handling procedures. 

ii. Any of blocking solutions on p. 496, Table 12.2, can be substituted for the 
3% BSA solution. 

iii. Antigen-coated plates can be stored after the blocking step (step 6) either 
in PBS with 0.02% sodium azide at 4°C for 1 week or indefinitely at -20*'C 
after removing the blocking solution. 

iv. For some applications or with some antibodies, the signal strength can be 
increased by using longer incubation times. For rapid semi-quantitative 
assays, the incubation times can be shortened to between 30 min and 1 hr. 
The blocking step must still be 2 hr or more. 
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MAKING THE ASSAY QUANTITATIVE 

Competition between monoclonal antibodies for binding to an antigen 

tZu^^^''^'"'''^'t'^ ^^'^y- this application, all monoclona" 

antibodies must be purified. A standard curve is established by ?itrat 

u?ed™oth The r^^^^'^^/^f-t it-^f . that is, the same antib d/L 
used tor both the label and the competitor. The capacitv of other 
un abeled monoclonal antibodies to inhibit the binding of the aSe^ed 
antibody to the plate is titrated. The results are plotted and he 
com '^'^ inhibition' of bl^dtng ar^ 



OTHER APPLICATIONS 

• Screening hybridoma fusions for epitope-specific antibodies This 

antfbodTs Th""' '° '■''T'' ' '^^"^^"^^ epitope spedfi 

antibodies. The assay is best used as a complement to a preliminary 

to rh.Tnr''''''^^'K ^V^^ Preliminary screen, antibodies th?t S 

Lt bi^d ami^^in' monoclonal antibodies 

XeStlon assay." ' '""'^' "^^^^ '''''' ^ ^^ibody 

* ^er'lf ihf ^.nl'<?.>' «P«<^if .for a particular epitope in polyclonal 

f,ni!K ] } con^Petitor used m these assays is changed from an 

™n1e^d"t^^^^^^ ^^^^ P~ 
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ANTIBODY CAPTURE ASSAYS— DETECTING AND QUANTITATING 
ANTIGENS USING ANTIBODY EXCESS ASSAYS 

Using an antibody capture assay with the antigen competition vari- 
ation, the presence and level of an antigen can be determined quickly. 
For this assay, purified or partially purified antigen is bound to the 
solid phase. A sample of the test solution, containing an unknown 
concentration of antigen, is added together with a labeled antibody 
specific for the antigen. Any antigen in the test solution will compete 
with the immobilized antigen for binding with the labeled antibody. 
After the unbound proteins are removed by washing, the assay is 
quantitated by the amount of labeled antibody that is bound to the solid 
phase. When high concentrations of antigen are found in the test 
solution, no labeled antibody will bind to the plate. When little or no 
antigen is present in the test solution, high amounts of labeled anti- 
body will bind. To quantitate the levels of antigen, dilutions of the test 
solution are assayed. Comparing the titration curves for each solution 
will yield the relative levels of antigen. 

The degree of purity needed for the immobilized antigen is de- 
termined by the specificity of the antibody. Polyclonal sera will contain 
extraneous antibodies that will bind and score against some impure 
antigen preparations. Often these can be distinguished by titrating the 
sera. Because of their specificity, solutions of monoclonal antibodies or 
affinity-purified polyclonal antibodies can be used with less pure sour- 
ces of antigen. 

One problem that may be encountered using this technique is that 
the labeled antibody may bind preferentially to the antigen on the 
plate. Quantitating this assay relies on a comparison of two avidities, 
the avidity of the antibody for the immobilized antigen and the avidity 
of the antibody for the antigen in solution. These avidities may not be 
th£^ame..B£cause.the aatigfiiLon_the-plate-wilLhe pxjesent iiua-high. 
local concentration, the antibody may be able to bind bivalently to 
these antigens (see Chapter 3). These types of bivalent interactions 
cannot occur in solution when the antigen is monovalent. Not all 
immobilized antigens will promote bivalent binding, but many will. 
Problems generated by differences in avidity can be detected by 
comparing standard curves using known concentrations of antigens. If 
these assays give anomalous results, several steps can be used to help. 
First, try using lower concentrations of the antigen on the plate, thus 
decreasing the local concentration and decreasing the chances of 
bivalent binding. Second, premix the test solution with the labeled 
antibody and incubate for 30 min to 1 hr before adding to the plate. 
Third, the problem can be eliminated by using labeled Fab fragments 
(p. 626). 
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340), or an enzyme (p. 3I2) (P- 

size for the number of assays. ^ ^° "^^^^^^^^ 

rn7d\7erVenTs'"' ^^^^^^^"^ ^^"^^^ ^^^^ -^raneous proteins 
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and the binLg solution c^^ ^^ 
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Unless another buffer is dictated hT''"''"''°"' "^^d. 
dilutions can be doneTn PBS. ^ experimental conditions, 

T^^l's^To TiX ^JTust^ b^^^^,? ^^^^^ ^^-^^ 

antibody but still live ^ J! ! ^'"'^ ^he input labeled 

y still give a satisfactory signal strength. See p. 573. 

5. Incubate for 2 hr at room temperature in a humid atmosphere. 

n'^:m.Tt?nt:en1oTu^;^or'w^^^ '"'^ ^°"le is conve- 

Plate over a suftablfS^^^^^ 

Ja'tLrdtf i^nctltfng ^S^^^'^i ^'^'^ be 

top with 3% SpbS S 0 S?cJ^'"f.^"^^^^- ™ the wells to the 
to overnight in a Sd^m^X^f ^ 
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8. Wash the plates twice with PBS. 

9. Add 50 Ail of the antigen test solution together with the labeled 
antibody to each well. Incubate for 2 hr at room temperature in a 
humid atmosphere. These two solutions can be combined ahead of 
time and added together, or the antigen test solution can be added 
to the wells first, followed by the labeled antibody. However, the 
labeled antibody solution should not be added first. 

The amount of labeled antibody that is added will ultimately 
determine the signal strength; however, the antibody should not be 
added in excess over the binding capacity of the plate (see p. 573). 

All antibody and antigen dilutions should be done in 3% BSA/PBS 
with 0.02% sodium azide. Azide should not be included in the 
dilution buffer if horseradish peroxidase is used as the detection 
reagent. 

10. Remove the unbound antibody and antigen by four washes with 
PBS. 

Determine and quantitate the amount of labeled antibody bound to the 
plate (p. 591). 

NOTES 

i. If the amount of antigen bound to the plate is too low to produce a strong 
signal, the solid phase can be changed to nitrocellulose, which can bind 
approximately 1000 times more protein per surface area. Nitrocellulose 
can be purchased either as sheets or sealed to the bottom of microtiter 
wells. See p. 606 for special handling procedures. 

ii. Any of blocking solutions on p. 496 can be substituted for the 3% BSA 
solution. 

iii. Antigen-coated plates can be stored after the blocking step (step 7) either 
in PBS with 0.02% sodium azide at 4°C for 1 week or indefinitely at -20''C 
after removing the blocking solution. 

iv. This assay may also be performed using an indirect detection method. The 
primary antibody is not labeled, but the remainder of the assay is per- 
formed as above. After the final wash (step 10), add a labeled secondary 
reagent. Incubate for 2 hr at room temperature, wash, and quantitate. 
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MAKING THE ASSAY QUANTITATIVE 
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portion of the curve Maximum r/nf 1^ ""'^^^ linear 

near the saturation levS "^'^^""'^ a point 
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ANTIBODY CAPTURE ASSAYS— DETECTING AND QUANTITATING 
ANTIGENS USING ANTIGEN COMPETITION ASSAYS 

An antibody capture assay performed in antibody excess can be used 
to determine the presence and level of antigens in test solutions. The 
test solution is allowed to bind directly to a solid phase, and any 
unbound proteins are removed by washing. Then an antibody specific 
for the antigen is added and allowed to bind. After unbound antibodies 
are removed by washing, the amount of antibody adhering to the solid 
phase is determined by using a labeled secondary reagent. This sec- 
ondary reagent could be a labeled anti-immunoglobulin antibody, pro- 
tein A, or protein G. These assays cannot be used if the antigen being 
studied is a rare component of the test solution. In this case, the 
specific binding is obscured by the background. A secondary technique 
such as immunoblotting may be particularly valuable to help distin- 
guish the specific signal from the background when rare antigens are 
being studied. 

The specificity of the antibody will determine the degree of purity 
needed to detect the antigen. Polyclonal sera will contain extraneous 
antibodies that will bind and score against some antigen preparations. 
Often these can be distinguished by titrating the sera. Because of their 
specificity, monoclonal antibodies or affinity-purified polyclonal anti- 
bodies can be used to analyze less pure sources of antigen. 

Making these assays quantitative is difficult for samples that contain 
widely varying amounts of total protein. In these cases, the total 
amount of protein added to the solid phase must be standardized. 

1. Prior to the assay, prepare the secondary reagent. Suitable sec- 
ondary reagents include anti-immunoglobulin antibodies, protein 
A, or protein G. These reagents can be purchased from commer- 
cial sources with many different labels or they can be prepared as 
described on p. 319. 

2. Nitrocellulose is the most suitable support for these assays, be- 
cause its high binding capacity permits the detection of less 
abundant antigens in the sample. If using the nitrocellulose for a 
sheet assay, mark the nitrocellulose into 3-mm squares using a soft 
lead pencil. Cut the sheet to the proper size for the number of 
assays to be performed. If using the nitrocellulose paper in a dot 
blot apparatus, cut to the dimensions of the apparatus. 



IMMUNOASSAYS 575 



i^oX^rottrite buffers without addi- 

tal design, use PBS Deter^ s^^^^^^^ experimen- 
they must be used tesTthe nf h^.J' ^ ^''^'^^^ possible. If 

on antigen bindkig to the ni^^^^^^^ 

antigen test solutToL Le added ?o th" f'; ^^^^y^' 
(1 Ml/spot). Incubate for ^0 ,^1 » . ^^""^^^ individual squares 

atmospherr °' ^ temperature in a humid 

tor at least 2 hr at room temperature """"^ "'"^^ 

6. Wash the nitrocellulose sheet twice in PBS. 

The amount of antib"d7to be ar--^ " ^ k f temperature, 
detecting noLpecific^^^^^ "^^^ ^"^^^^^^ P°-ibility of 

fodirmS'"'"°"^ - BSA/PBS with 0.02% 

8. Remove the unbound antibody by four washes with PBS. 
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0.02% sodium azide) '^'"^ ^^^^ BSA/PBS with 

Incubate with agitation for 2 hr at room temperature. 
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bordt^\:le^(^s9\^.^^ — ^^•'^^^•^ --"<^-y reagent 
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NOTES 

i. Any of blocking solutions on p. 496 can be substituted for the 3% BSA 
solution. 

ii. If the antigen is impure, then a solid-phase substrate of higher capacity 
than nitrocellulose may be required to generate adequate signal strength. . 
For this purpose, diazotized paper is useful as it can bind approximately 
100 times more protein than nitrocellulose. With this variation, back- 
ground problems caused by nonspecific binding or spurious cross-reac- 
tions may be severe. 

iii. Directly labeled primary antibodies can be used in this test. 
MAKING THE ASSAY QUANTITATIVE 

To compare the levels of antigen in different samples, prepare serial 
dilutions of each antigen test solution in PBS. Perform the remainder 
of the assay as above. To determine the relative amounts of antigen, 
compare the midpoints of the titration curves. To determine the 
absolute amount of antigen, compare these values with those obtained 
using known amounts of pure antigen in a standard curve. To ensure 
that the assays are accurate, the amount of primary unlabeled anti- 
body and secondary labeled reagent must be in excess. This can be 
determined by titrating the reagents, diluted in blocking buffer, on 
sheets coated with saturating amounts of the antigen. 
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' ^aprestSes otl7i ^^^^^^^^^^ -^-^-^ where 
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SUMMARY I _ 
Two-antibody Sandwich Immunoassays 

Detection limit is approximately 0.1-1.0 fmole, about 0.01-Oina 
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Two-Antibody Sandwich Assays 

One of the most useful of the immunoassays is the two-antibody 
sandwich technique. These assays are used primarily to determine the 
antigen concentration in unknown samples. Two-antibody assays are 
quick and accurate, and if a source of pure antigen is available the 
assays can be used to determine the absolute amounts of antigen in 
unknown samples. The assay requires two antibodies that bind to 
non-overlappmg epitopes on the antigen. Either two monoclonal anti- 
bodies that recognize discrete sites or one batch of affinity-purified 
polyclonal antibodies can be used. punueu 
To use the two-antibody assay, one antibody is purified and bound to 
a solid phase, and the antigen in a test solution is allowed to bind 
Unbound proteins are removed by washing, and the labeled second 
antibody is allowed to bind to the antigen. After washing, the assay is 
quantitated by measuring the amount of labeled second antibody that 
is bound to the matrix. The major advantages of this technique are that 
the antigen does not need to be purified prior to use and that the assays 
are very specific. The major disadvantage is that not all antibodies can 
be used. 

The sensitivity of two-antibody assays is dependent on four factors- 
(1 the number of molecules of the first antibody that are bound to the 
solid phase, (2) the avidity of the first antibody for the antigen, (3) the 

^rHv fv nf ^"'^^°f^ ^"^^S^"' ^"'i (4) the specific 

activity of the labeled second antibody. First, the amount of the first 
antibody that is bound to the solid phase can be adjusted easily within 
the capacity of the chosen matrix by dilution or concentration of the 
antibody solution. Higher capacities can be achieved by changing the 
type of support. Poly vinylchloride is the most commonly used matrix 
but several solid supports can be substituted to increase the linear 
range of the assay. The most useful alternative support is nitrocellu- 
lose, which binds approximately 1000 times more protein per surface 
area. (See p. 605 for other possible matrices.) The second and third 
factors that affect the sensitivity of the assays are the avidity of the 
antibodies for the antigen. These can only be altered by substitution 
with other antibodies. The fourth factor is the number and type of 
labeled moeities on the second antibody. Antibodies can be labeled 
conveniently with iodine, enzymes, or biotin. The choice of label is 
discussed on p. 591. 
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DETECTING AND QUANTITATING ANTIGENS USING 

THE TWO-ANTIBODY SANDWICH ASSAY* 

1. Prior to the assay, both antibody preparations need to be purified 
(p. 288) and one needs to be labeled (p. 319). For monoclonal 
antibodies, choosing which antibody to label is determined empiri- 
cally. When setting up the assay, label each antibody preparation 
independently, and try both combinations of solid-phase and 
labeled antibody to determine which is best. When using affinity- 
purified antibodies, the same antibody preparation will be used for 
both sides of the assay. 

2. For most applications, a PVC microtiter plate is best. Cut the plate 
to the correct size for the number of assays. 

3. Bind the unlabeled antibody to the bottom of each well by adding 
approximately 50 /xl of antibody solution to each well (20 fig /ml in 
PBS). PVC will bind approximately 100 ng/well (300 ng/cm^). The 
amount of antibody to be used will depend on the individual assay, 
but if maximal binding is required, use at least 1 /xg/well. Although 
this is well above the capacity of the well, the binding will occur 
more rapidly, and the binding solution can be saved and used 
again. In most cases, saturating amounts of the first antibody will 
increase the sensitivity of the assays and will not have any detri- 
mental effects. 

Incubate fpr 2 hr at room temperature in a humid atmosphere. 

4. Wash the wells twice with PBS. A 500-ml squirt bottle is conve- 
nient. The antibody solution or washes can be removed by fiicking 
the plate over a suitable waste container. 

5. The remaining sites for protein binding on the polyvinylchloride 
plate must be saturated by incubating with blocking buffer. Fill 
the wells to the top with 3% BSA/PBS with 0.02% sodium azide. 
Incubate for 2 hr to overnight in a humid atmosphere at room 
temperature. 

6. Wash the wells twice with PBS. 

7. Add 50 fA of the antigen solution to the wells. For quantitation, the 
antigen solution should be titrated. All dilutions should be done in 
the blocking buffer (3% BSA/PBS with 0.02% sodium azide). 
Incubate for at least 2 hr at room temperature in a humid atmo- 
sphere. 



*Ling.and Overby (1972); Belanger et al. (1973); MaioUni and Masseyeff (1975). 
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8. Wash the plate four times with PBS. 

9. Add the labeled second antibody. The amount of labeled antibody 
to be added can be determined in preliminary experiments. For 
accurate quantitation, the second antibody should be used in ex- 
cess. All dilutions of the labeled antibody should be done in 
blocking buffer (3% BSA/PBS with 0.02% sodium azide). 

10. Incubate for 2 hr or more at room temperature in a humid atmo- 
sphere. 

11. Wash with several changes of PBS. 

Quantitate the amount of bound labeled antibody using the proper 
detection method (p. 591). 

NOTES 

i. Any of blocking solutions on p. 496 can be substituted for the 3% BSA 
solution. 

ii. Antibody-coated plates can be stored after the blocking step (step 5) 
either in PBS with 0.02% sodium azide at 4°C for 1 week or indefinitely at 
-20°C after removing the blocking solution. 

iii. For some applications or with some antibodies, the signal strength can be 
increased by using longer incubation times. For rapid semi-quantitative 
assays, the incubation times can be shortened to between 30 min and 1 hr. 
The blocking step must still be 2 hr or more. 
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MAKING THE ASSAY QUANTITATIVE 

The amount of second antibody should be in excess to ensure that the 
assay IS quantitative. The correct amount to add can be determined bv 

plates. To compare the relative amounts of antigen in different test 
samples, prepare serial dilutions of each sample in blockLg buffer 
nnf.. '"^/^^ T^y^ d^s^"bed above. Plot and compare the S 
PC nts of each titration curve. To determine absolute amount?^ of 

=sTp?r?aS^^^ ^ ~ ^"^^^ " 
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OTHER APPLICATIONS 
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>UMMARY IHHBBHBHHBHBHHBHMl^nHHHHBHHBBHi 

<^ntigen Capture Immunoassays 
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Antigen Capture Assays' 



Antigen capture assays are used primarily to detect and quantitate 
antigens. In both the variations discussed here, the amount of antigen 
m the test solution is determined using a competition between labeled 
and unlabeled antigen. Unlabeled antibody is bound to the solid phase 
either directly or through an intermediate protein, such as an anti- 
immunoglobulin antibody. The antigen is purified and labeled. A sam- 
ple of the labeled antigen is mixed with the test solution containing an 
unknown amount of antigen, and the mixture is added to the bound 
antibody The antigen in the test solution will compete with the labeled 
antigen for bmdmg to the antibody-matrix. Unbound proteins are 
removed by washing, and the amount of labeled antigen bound to the 
matrix is measured. If the unknown solution contains a high concen- 
tration of antigen, it will compete effectively with the labeled antigen 
and httle or none of the labeled antigen will bind to the antibody To 
quantitate the levels of antigen, dilutions of the test solution are 
performed and assayed. Comparing the titration curves for each solu- 
tion will yield the relative levels of antigen 

fJtl.'fA'll^''^ of the labeled antigen assay will depend on three 
(iTfhi ""J";?^" °^ antibodies that are bound to the solid phase, 

SiJ^tvorthfll , ; antigen, and (3) the specific 

hnulTfffi^ vf^i ^""^^^^ °f antibodies that are 

bound to the solid phase can be adjusted within the capacity of the 
matrix by dilutmg or concentrating the antibody solution. Higher 
levels can be achieved by changing the type of solid-phase matrix that 
is used. Second, the avidity of the antibody for the antigen will affect 
the sensitivity of the assay, but can only be altered by changing the 
antibody source. Third, the choice of label for the antigen is disciTssed 
on p. oyx. 

t Jrllfnfnf ^1°^ P''^^. ''^^'^^^ l^^^led antigen will be de- 

termined by the specificity of the antibody. Polyclonal sera will contain 
extraneous antibodies that will bind and score against some anSeen 
E,?enT?H '"^r^ distinguished by titra "ng the sIS^ 

nfin f >K specificity, solutions of monoclonal antibodies can be 

used with less pure sources of antigen. 



'BeSo"n ?i'9?gT5l?.lf f."'* ^^^'^^^g""- See Berson et al. (1956); Yalow and 
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microliter plaS tecSe h°""l """""8- The 

purified and when thereTL L.. "h™ 'he antibody is easily 
The S. aureus assav i. h.f, f °' ^""s*" =«»Pl« to test 

tested. The s aurZ varLLn .T^o'd™'" """""^ 

be purified. ^nation also does not require that the antibody 

2. Prior to the assay, purify the antibody as described on p 288 

Incubate for 2 hr at room temperature in a humid atmosphere. [ 

Plate over a'sutwe wa°ste contaln?r" i 

Plal"e"lattted"bv'""":; ^ '"e polyvinylchloride T 

wells r*e top w,th 3% LsA /^^^^^^ ™ *e 

bate for 2 hr to "vernT^^t fn » k i" In<=«- r 

perature. °^«™'8ht m a humid atmosphere at room tern- [ 

6. Wash the wells twice with PBS. f 
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^' tt^^ ^1-°^ ^"""^^^ t^^^ along with the standard 

labeled antigen solution to the wells Either Jhh ti?. f . , 

first, followed immediately by Thriabde? sotutinn ^r 
separate plate and transfer together. ^ 

The amount of labeled antigen to be added should be sufficient to 
test solution shUTaSye^d f/Jr JlSr^K^^^^^^^^^^ 
wlih^S sotum az^^^^^^^ ^ ^^^^ BSA/PBS 

Incubate for 2 hr at room temperature in a humid atmosphere. 
8. Wash the plate four times with PBS. 

Determine the amount of labeled antigen bound (p. 591). 
NOTES 

wells. See p. 606 for special handling p^^^^^^^^^ ^'^^^^iter 
^Sution.'^"'"' °" -^^tituted for the 3% BSA 

-20»C after removing the bbcSng solution "'^'"^^^^ 
MAKING THE ASSAY QUANTITATIVE 

samrtucnTevel ^"""^'-S a point near the 
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DETECTING AND QUANTITATING ANTIGENS USING 
COMPETITION ASSAYS— VARIATION II. S. AUREUS 

In this version of the antigen capture assay, the solid-phase matrix is 
provided by adding Staphylococcus aureus. These killed bacteria have 
a high concentration of protein A on their surface that binds the 
antibody m the solution. The S. aureus assay is best when a small 
number of samples will be tested and also does not require that the 
antibody be purified. 

1. Prior to the assay, label the antigen with iodine (p. 324). Other 
labels are not as useful with this assay design, because the results 
are quantitated from 1.5-ml conical tubes and iodine is easy to 
detect by counting the entire tube in a gamma-counter. 

2. Mix a SO-fil sample of labeled antigen with a 50-^1 sample of the 
unlabeled test solution in a 1.5-ml conical tube. 

The amount of labeled antigen to be added should be sufficient to 
generate a strong signal, but should not greatly exceed the capacity 
of the antibody that will be added (see p. 589). For accurate quanti- 
tation, a series of dilutions of test samples should be assayed All 
dilutions should be done in 3% BSA/PBS with 0.02% sodium azide. 

3. Add 100 Ml of the antibody solution to the 1.5-ml conical tube The 
concentration of antibody should be subsaturating to detect the 
competition. The preliminary tests needed to adjust the amount of 
^ Jc? discussed on p. 589. All dilutions should be done 
m 3% BSA/PBS with 0.02% sodium azide. 

Incubate at room temperature for 2 hr. 

4. If the specific antibody binds protein A tightly (see p. 616), add 50 ul 
of a 10% suspension of fixed S. aureus cells (prewashed twice in 
PBS, see p. 620). 



If the particular antibody does not bind protein A, add 50 fi\ of a t 

dilution of an anti-immunoglobulin antibody raised in a species 

whose IgG bind protein A (e.g., rabbits). Incubate for 1 hr, and add T 

50 Ml of a 10% suspension of fixed S. aureus cells (prewashed twice L 

m PBS, see p. 620). For complete binding of the first antibody to the 

solid phase, the anti-immunoglobulin antibody must be in excess. P 

This should be titrated to determine the correct value; however, 5 L 

^ ?l ^^Jn'^f '^^^'^ '^""^ ^^"^ approximately 1 yag of mouse 

antibody. All dilutions should be done in 3% BSA/PBS with 0 02% r 

sodium azide. ' | 
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5. Incubate for 15 min at room temperature. 

6. Ad^d 1.0 ml of PBS containing 1% NP-40 to each tube. Centrifuge for 

7. Aspirate the supernatant to remove unbound antigen. 

MAKING THE ASSAY QUANTITATIVE 

antigen in a standard cuifa ' ^"'^ -"^b^'^d 

in,u. .n.e!s oSS "r^L^^TirJ^^- ^ ^t^ i^veT 
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B Detection 

All immunoassays rely on labeled antigens, antibodies, or secondary 
reagents for detection. These proteins can be labeled with radioactive 
compounds, enzymes, biotin, or fluorochromes. Of these, radioactive 
labeling can be used for almost all types of assays and with most 
variations. It is easy to quantitate and simple to detect. Enzyme- 
conjugated labels are particularly useful when radioactivity must be 
avoided or when quick results are helpful. They yield semi-quantita- 
tive results with no adjustments, but are more troublesome to use for 
exact quantitation. Although it is widely argued, neither is remarkably 
more sensitive than the other. In the future, however, it is clear that 
the use of new and more sensitive enzyme substrates will make these 
assays more valuable. 

Biotin-coupled reagents usually are detected with labeled strep- 
tavidin. Streptavidin binds tightly and quickly to biotin and can be 
labeled with iodine or enzymes. 

Of the methods used to label proteins, fluorochromes have the fewest 
applications for immunoassays. Although they can be very sensitive, 
they require rather expensive equipment to use and, unlike radiomet- 
ric or enzymatic detection, no alternative methods can be used to 
locate and quantitate positives. In the foreseeable future, their major 
use will continue to be in clinical and large-volume laboratories where 
numerous samples need to be processed. 

Iodine- Labeled Antigens, Antibodies, or Secondary Reagents 

Iodine-labeled reagents can be detected either by autoradiography or 
by direct counting. For autoradiographic detection the sample should 
be placed in direct contact with the film and placed at -70°C with an 
intensifying screen. Results can be quantitated at a crude level by 
simple visual examination of the exposed film and more quantitatively 
by densitometric tracing. For accurate quantitation, individual sam- 
ples are counted in a gamma-counter. 

Antibodies can be labeled with ^"l using the techniques described on 
p. 324. To be useful in most of these assays, they should be labeled to 
specific activities of 10-100 ^lCi/^lg. Protein antigens can be labeled to 
similar activities using the same techniques. As a starting point, add 
50,000 cpm/well for microliter plate assays and 200,000 cpm/cm^ for 
sheet assays. 

Biotin- Labeled Antibodies, Antigens, or Secondary Reagents 

Biotin-labeled reagents normally are coupled to proteins through free 
ammo groups; so as long as the amino groups do not form an essential 
structural region of the protein, biotin will not interfere with the 
immunoassay. The major advantage of the biotinylated reagents is that 
they are stable for years with little or no loss of specific activity. 
Methods for biotinylating protein antigens are discussed on p. 340. 



Biotm-labeled reagents are detected and quantitated by using avidin 
or streptavidin. These proteins bind tightly to biotin, forming an 
essentially irreversible complex. Both avidin and streptavidin can be 
labeled with iodine or enzymes and are available commercially. Usual- 
ly, streptavidin is the preferred ligand because of its more favorable 
pi. 

Follow the instructions for iodine- or enzyme-labeled reagents on pp 
591 and 592 for detection protocols. 



Enzyme-Labeled Antigens, Antibodies, or Secondary 
Reagents* 

Enzyme-labeled reagents are detected using chromogenic substrates 
For assays carried out in microtiter wells, a soluble substrate that is 
converted to a soluble colored product is used. Enzyme levels are 
determined by monitoring color development in a spectrophotometer. 
Many commercial spectrophotometers are now available that will 
directly read samples in 96-well microtiter plates. For these assays 
most workers substitute polystyrene plates for polyvinylchloride as 
polystyrene can be read accurately in 96-well spectrophotometers The 
polystyrene plates are handled identically to the polyvinylchloride 
(PVC) plates, except they cannot be cut. Antibodies can be purchased 
commercially or they can be labeled using the techniques on p. 342 
Antigens can be labeled using similar techniques. 

For assays carried out on nitrocellulose or diazotized paper, a solu- 
ble substrate that yields an insoluble colored product at the site of 
reaction is used. These results can be evaluated by visual inspection 
and quantitated by reflection densitometry. Suitable substrates of both 
types are listed below for the commonly used enzyme labels For a 
starting point, use 5-50 ng of antibody-conjugate/well for microtiter 
plates assays (1/1000-1/10,000 dilutions of most commercial stocks) or 
20-200 ng/cm for sheet assays (1/100-1/1,000 dilutions of commer- 
cial stocks). 



Caution Some chromogenic substrates may be carcinogenic. Con- 
sult your local authorities for handling and disposal procedures. 



•Engvall and Perlmann (1972); Van Weeraen and Schuurs (1971). 
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HORSERADISH PEROXIDASE— SOLUBLE PRODUCT 

The most sensitive chromogenic substrate for detection of horseradish 
peroxidase (HRP)-labeled reagents is tetramethylbenzidine (TMB). 

1. Prior to the detection, dissolve 0.1 mg of 3'.3',5',5'-tetramethylben- 
zidine (TMB) in 0.1 ml of dimethylsulfoxide. Add 9.9 ml of 0 1 m 
sodium acetate (pH 6.0). Filter through Whatman No. 1 or equiva- 
lent. Add hydrogen peroxide to a final concentration of 0.01%. This is 
enough substrate for two 96-well microtiter plates. 

Hydrogen peroxide is normally supplied as a 30% solution. After 
openmg, it should be stored at 4°C, where it is stable for 1 month. 

2. After the final wash in PBS, add 50 a^I of the substrate solution to 
each microtiter well. 

3. Incubate for 10-30 min at room temperature. Positives appear pale 
blue. 

4. Add 50 Ml of 1 M H2SO4, to every well. Positives now appear bright 
yellow. ^ 



5. Read the results at 450 nm. 
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HORSERADISH PEROXIDASE— INSOLUBLE PRODUCT 

Three substrates are suitable for developing dot blots stained with 
horseradish peroxidase-coupled antibodies. These are chloronaphthol, 
aminoethylcarbazole, and diaminobenzidine. 

Chloronaphthol 

4-Chloro-l-naphthol (chloronaphthol) is relatively insensitive but gives 
an intense blue-black reaction product in an easily controlled reaction. 
Assays developed with this reagent are photographed readily, but the 
color fades noticeably on storage. Background binding of the product 
to the filter is low. 

1. Prepare the stock solution of 4-chloro-l-naphthol. Dissolve 0.3 gram 
of chloronaphthol in 10 ml of absolute ethanol. The chloronaphthol 
stock is stable at -20°C for at least 1 year. 

2. Just prior to developing the assay, add 0.1 ml of chloronaphthol 
stock to 10 ml of 50 mM Tris (pH 7.6). A white precipitate will form. 

3. Remove the precipitate by filter through Whatman No. 1 filter paper 
(or equivalent). 

4. Add 10 fil of 30% H2O2. H2O2 is generally supplied as a 30% solution 
and should be stored at 4°C, where it will last about 1 month, 

5. Place the washed nitrocellulose sheet in a suitable container. Add 10 
ml of substrate solution per 15 x 15-cm^ membrane. Develop at 
room temperature with agitation until the spots are suitably dark. A 
typical incubation would be approximately 30 min. 

6. To stop the reaction, remove the H2O2 by rinsing with PBS. 
Aminoethylcarbazole 

3-Amino-9-ethylcarbazole (AEC) yields an aesthetically pleasing red 
reaction product. It is slightly more sensitive than chloronaphthol but 
harder to photograph. 

1. Prepare the stock solution of AEC. Dissolve 0.4 gram of 3-amino-9- 
ethylcarbozole in 100 ml of dimethylformamide. The AEC stock is 
stable at room temperature for at least 1 year. 
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2. Just prior to developing the assay, add 0.67 ml of AEC stock to 10 ml 
of 0.1 M sodium acetate (pH 5.2) with stirring. A small precipitate 
may form. 

3. Filter through Whatman No. 1 filter paper (or equivalent). 

4. Add 10 A^l of 30% H^O,. H,0, is generally supplied as a 30% solution 
and should be stored at 4T, where it wUl last about 1 month. 

5. Place the washed nitrocellulose sheet in a suitable container. Add 10 
ml of substrate solution per 15 x 15-cm' membrane. Develop at 
room temperature with agitation until the spots are suitably dark A 
typical incubation would be approximately 30 min. 

6. To stop the reaction, remove the H^O^ by rinsing with PBS. 
Diaminobenzidine 

Diaminobenzidine (DAB, 3,3',4,4'-tetraaminobiphenyl) is an exception- 
ally sensitive substrate, yielding a brown reaction product. One draw- 
back to DAB is that it reacts so fast that it is very easy to overdevelop 
giving a high background. 

1. Just prior to developing the assay, dissolve 6 mg of 3,3 '-diaminoben- 
zidine (use DAB tetrahydrochloride) in 10 ml of 50 mM Tris (pH 
7.6). A small precipitate may form. 

2. Filter through Whatman No. 1 filter paper (or equivalent). 

3. Add 10 ^1 of 30% H,0,. H,0, is generally supplied as a 30% solution 
and should be stored at 4°C, where it will last about 1 month. 

4. Place the washed sheet in a suitable container. Add 10 ml of 
substrate solution per 15 x 15-cm' membrane. Develop at room 
temperature with agitation until the spots are suitably dark A 
typical incubation would be approximately 1-5 min. 

5. To stop the reaction, remove the H^Oj by rinsing with PBS. 
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Diaminobenzidine with Metal Ion Enhancement 
(DAB /Metal) 

The sensitivity DAB can be enhanced by adding cobalt or nickel ions to 
the substrate solution. In the presence of these ions, the product is 
slate black in color and more easily photographed than the unenhanced 
product. One drawback to DAB is that it reacts so fast that it is very 
easy to overdevelop, giving a high background. 

1. Just prior to developing the assay, dissolve 6 mg of 3,3 '-diaminoben- 
zidine (use DAB tetrahydrochloride) in 9 ml of 50 mM Tris (pH 7.6). 
A small precipitate may form. Add 1 ml of 0.3% (wt/vol) NiCl2 or 
C0CI2. 

2. Filter through Whatman No. 1 filter paper (or equivalent). 

3. Add 10 fjLl of 30% H2O2. H2O2 is generally supplied as a 30% solution 
and should be stored at 4T, where it will last about 1 month. 

4. Place the washed sheet in a suitable container. Add 10 ml of 
substrate solution per 15 x 15-cm^ membrane. Develop at room 
temperature with agitation until the spots are suitably dark. A 
typical incubation would be approximately 1-5 min. 

5. To stop the reaction, remove the HjOj by rinsing with PBS. 
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ALKALINE PHOSPHATASE— SOLUBLE PRODUCT 

Probably the best enzyme-substrate combination for sensitive quanti- 
tation of 96-well microtiter immunoassays is alkaline phosphatase- 
nitrophenyl phosphate (PNPP). 

1. Prior to developing the enzyme label, dissolve 10 mg of p-nitro- 
phenyl phosphate (PNPP) in 10 ml of 10 mM diethanolamine (pH 
9.5) containing 0.5 mM MgClj. This is enough substrate for two 
96-well microtiter plates. 

2. After the final wash with PBS, wash the plate twice with 10 mM 
diethanolamine (pH 9.5) containing 0.5 mM MgClj. 

3. Add 50 fil of the substrate solution to each microtiter well. 

4. Incubate for 10-30 min at room temperature. 

5. Add 50 iu.1 of stop solution, 0.1 M EDTA, to each well. Positives 
appear bright yellow. 



Read the plate at 405 nm. 
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ALKALINE PHOSPHATASE— INSOLUBLE PRODUCT 



The bromochloroindolyl phosphate-nitro blue tetrazolium (BCIP/ 
NBT) substrate generates an intense black-purple precipitate at the 
site of enzyme binding. The substrate solution is stable in the absence 
of enzyme. The reaction proceeds at a steady rate, thus allowing 
accurate control of the development of the reaction. This allows the 
relative sensitivity to be controlled by the length of incubation. The 
BCIP/ NBT substrate characteristically produces sharp spots with very 
little background coloring of the membrane. 

Coupled reagents should be prepared with eukaryotic alkaline phos- 
phatase, as this enzyme is readily inactivated with EDTA. The bacteri- 
al enzyme is difficult to stop, causing overdevelopment and leading to 
high background. 

1. Prior to developing the assay, prepare the three stock solutions. 
NBT: Dissolve 0.5 gram of NBT in 10 ml of 70% dimethylfor- 
mamide. BCIP: Dissolve 0.5 gram of BCIP (disodium salt) in 10 ml 
of 100% dimethylformamide. Alkaline phosphatase buffer: 100 mM 
NaCl, 5 mM MgCl^, 100 mM diethanolamine (pH 9.5). 

All stocks are stable at 4°C for at least 1 yr. , 

2. Just prior to developing the assay, prepare fresh substrate solution. 
Add 66 txl of NBT stock to 10 ml of alkaline phosphatase buffer. Mix 
well and add 33 ix\ of BCIP stock. Use within 1 hr. 

3. After the final wash, rinse the sheet twice with 100 mM NaCl, 5 mM 
MgClj, 100 mM diethanolamine (pH 9.5). Add 10 ml of substrate 
solution per 15 x 15-cm^ membrane. Develop at room temperature 
with agitation until the spots are suitably dark. A typical incubation 
would be approximately 30 min. 

4. To stop the reaction, rinse with PBS containing 20 mM EDTA, 
chelating the Mg^* ions. 
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■ DESIGNING IMMUNOASSAYS mBBm^aamBamaommB^m^aaamamms 

In addition to the specific assay protocols described above, many 
different types of immunoassays are possible. The unique specificity 
of the antibody-antigen interaction and the ease with which each can 
be labeled permit a wide spectrum of assay designs. The techniques 
described above are commonly used because they have succeeded in a 
wide variety of applications. In special circumstances, alternative 
designs may be more appropriate. The design of these assays will be 
dictated by the specific circumstances of the individual study. Com- 
mon techniques that may be useful include different binding supports, 
different detection methods, and different assay geometries. Suggest- 
ions for these are discussed below. 
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■ Assay Geometry 

desfgS (F?g. m)""' ""8= of available 




Antigen-capture assays, direct detection. 



IMMUNOASSAYS 601 



Measures Antigen Concentration 



Measures Antigen Concentration 




Measures Antibody Concentration 
FIGURE 14.4b 

Antigen-capture assays, indirect detection. 



Measures Antibody Concentration 
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Measures Antigen Concentration 



Measures Antigen Concentration 




Measures Antibody Concentration 
FIGURE 14.4e 

Two-antibody assays. 



Measures Antibody Concentration 
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Solid-Phase Matrices for Immunoassays 

durin^^^^ manipulation of the antibody-antigen complexes 

often binnd t^^^ rn ^T'^^^^^^^y> ^^e component of the reaction is 

hsted in ^^^^ commonly used solid phases are 

listed m Tab e 14.2. Dependmg on the type of support and on the 

^^etLT^^^^ f ^^P^^^^^ ^^^d'L a number of 

different forms. Commonly, these will be microtiter plates where each 

hrl^ T '^^^"^^^ incubation chamber, flat sheets or mem- 
branes where the crosstalk between different reactions is limited by 
diffusion rates or beads where the individual reactions are performed 
in separate tubes. Many of the individual matrix materials can 5e 
purchased m several of these forms, and the materials for each solid 
phase are discussed separately below. 



TABLE 14.2 

Solid Supports for Immunoassays 



Support 



Nitrocellulose 



Polyvinylchloride 



Polystyrene 



Diazotized paper 



Activated beads, 
numerous 
attachments 
possible 

S. aureus, 
Protein A beads 



Forms 
available 



Membranes 
Microtiter wells 

Microtiter plates, 
Sheets 

Beads, 

Microtiter plates 
Sheets 



Beads 



Beads 



Method of 
binding 



Noncovalent 

Noncovalent 

Noncovalent 

Covalent, 
through free 
amino groups 

Covalent, 
through free 
amino groups 

Noncovalent, 
although 
cross-linking 
possible 



Protein 
capacity 



lOO^g/cm^ 
300ng/cm^ 
300 ng/cm^ 
>10mg/cm^ 

10 mg/ml 



20 mg/ml, 
but antibody linkage 
only 
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NITROCELLULOSE* 



Both antigens and antibodies can be attached to nitrocellulose by 
incubating the proteins with the membrane for short periods of time at 
room temperature. Nitrocellulose binds proteins by noncovalent 
bonds, but the types of interactions are not clearly understood. How- 
ever, for many purposes and applications, the bonds are stable, thus 
making nitrocellulose one of the most useful of the solid phases for 
immunoassays. The antibodies and antigens are not oriented with 
respect to their binding sites, and therefore some binding sites will be 
obscured. Nitrocellulose is available either as sheets or sealed to the 
bottom of wells in microtiter plates. 

1. Cut the nitrocellulose to the appropriate size. Multiple assays can be 
performed on the same sheet by spacing each assay center approxi- 
mately 3 to 4 mm apart. This is far enough to avoid cross-contami- 
nation between different samples due to diffusion (with 1 fj.1 of 
sample). Nitrocellulose paper can be used in a dot blot apparatus by 
cutting it to the dimensions of the apparatus. 

2. The concentration of the antibody or antigen solution will be de- 
termined by the individual assay conditions. Nitrocellulose will bind 
approximately 100 ^g/cm'. The protein can be bound in many 
different buffers and under many different conditions. Binding 
buffers should not contain extraneous proteins or detergents such 
as Tween 20 (low concentrations of SDS, NP-40, or Triton X-100 are 
fine). If no other factors need to be considered, do the binding in 10 
mM sodium phosphate (pH 7) or PBS. 

If the antigen or antibody is plentiful, it can be bound to the entire 
sheet, regardless of how the paper will be used. Use 0.1 ml/cm^ 
Incubate for 2 hr or overnight at room temperature in a humid 
atmosphere. 

If the antigen or antibody is scarce or expensive, bind it only to the 
areas where the test solution wUl be applied. This can be done in 
two ways, by direct application or by using a dot blot apparatus. 
When using a dot blot apparatus, place the sheet in the apparatus, 
and apply the antigen or antibody to just the region of the nitro- 
cellulose that is exposed. Use 30 fil/vfell. If not using a dot blot 
apparatus, mark the sheet with a soft lead pencil to show the area 
where the assay solutions will be added. These spots should be at 
least 3 mm apart. Add the antigen or antibody at 1 /xl/spot. Incubate 
for 30 min to 1 hr in a humid atmosphere. 



•Sharon et al. (1979). 
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Block the remaining sites for protein binding on the nitrocellulose 
by incubating the sheet in blocking buffer for 2 hr at room tempera- 
ture or overnight at 4°C. 

There are a number of possible blocking buffers. The two most 
useful are 3% BSA/PBS with 0.02% sodium azide or Blotto/Tween 
(5% nonfat dry milk, 0.2% Tween 20, and 0.02% sodium azide in 
PBS). The advantages and disadvantages of these and other block- 
mg buffers are listed on p. 496. 



NOTES 

i. Nitrocellulose is the matrix of choice for dot blot assays. If high protein 
bmdmg or noncovalent linkage is needed for dot blots, use diazotized paper 
(p. 609). 

ii. NitroceUulose can be prepared up to 1 week before the assay and stored at 
4°C ui PBS with 0.02% sodium azide. Sheets may be frozen at this stage and 
stored at -70°C. Alternatively, many antigens survive indefinitely on drv 
sheets of nitrocellulose. 



POLYVINYLCHLORIDE OR POLYSTYRENE* 

Polyvinylchloride (PVC) or polystyrene will bind antibodies or an- 
tigens when the proteins are simply incubated with the plastic. The 
bonds that hold the proteins are noncovalent, but the exact types of 
interactions are not known. Because these plastics can be molded into 
many shapes, they are a convenient solid support for many immuno- 
assays. They are most commonly used in the 96-well microtiter plate 
form, where the wells provide convenient reaction chambers for 
immunoassays. Because PVC can be cut easily, it is an excellent 
matrix for radioimmunoassays in which quantitation is done by count- 
ing individual wells. Because it is not translucent, enzyme assays that 
will be quantitated by a plate reader should be performed in poly- 
styrene and not PVC plates. Polystyrene is also available in many 
different bead sizes, where it can be used conveniently to bind antibod- 
ies or antigens for bead-based assays. 

1. Bind the antibody or antigen to the bottom of each well by adding 
approximately 50 ijlI of protein solution in each well. Incubate for 2 
hr at room temperature in a humid atmosphere. PVC and poly- 
styrene will bind approximately 100 ng/well (300 ng/cm^). 

The binding can be done at pHs between 6 and 9 at temperatures 
between 4^C and 37°C. For convenience, the binding normally is 
done at room temperature at neutral pH. Avoid detergents and 
extraneous proteins. 

2. After the antigen or antibody is bound, the remaining sites on the 
plate must be saturated by incubating the sheet with any of the 
blocking buffers described on p. 496. Fill the wells to the top with 
blocking buffer and incubate at room temperature for at least 2 hr. 
If no experimental reasons suggest otherwise, use Blotto/Tween 
(5% nonfat dry milk, 0.2% Tween 20, 0.02% sodium azide in PBS) or 
3% BSA/PBS with 0.02% sodium azide. 

NOTE 

i. Plates may be prepared up to 1 week before the assay. Store in PBS with 
sodium azide at 4°C. Alternatively, most antibodies and some antigens 
survive indefinite storage at -20°C after shaking the plate dry. 



*Adamed from Catt and Tregear (1967). 
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DIAZOTIZED PAPER* 



Diazotized paper can be used for dot blot assays in which the amount 
of protein bound to the sheet must be particularly high. The linkage to 
the paper is covalent through free amino groups on the antigen or 
antibody. There are a number of commercially available sources for 
diazotized paper. The most stable of the derivatized papers is amino- 
phenylthioether cellulose (APT paper). Diazotized paper is prepared 
by treating the APT paper with an acidic nitrite solution converting it 
to diazophenylthioether (DPT) paper. The coupling is then done by 
adding the protein solution to the paper. 

1. Cut the APT paper to the appropriate size. If using the paper for 
multiple assays on the same sheet (dot blots), each assay should be 
approximately 3-4 mm apart. This is far enough to avoid cross- 
contamination between the different assays from diffusion of 1 /jlI 
of sample. If using the diazotized paper in a dot blot apparatus, cut 
to the dimensions of the apparatus. 

2. Activate the paper by following the manufacturer's instructions or 
as below. All reactions should be done on ice. 

Wash the APT paper twice with ice-cold distilled water. Drain well 
and add ice-cold 1.2 M HCl (0.3 ml/cm^). Add 0.3 ml of 10 mg/ml 
sodium nitrite (prepared fresh) per 10 ml of HCl. Incubate on ice 
with occasional rocking for 30 min. Wash twice with ice-cold dis- 
tilled water. The paper is now ready for binding. 

3. Immediately, bind the antigen or antibody to the activated paper by 
incubating the protein solution with the paper for 1 hr at room 
temperature. Diazotized paper will bind more than 10 mg/cml The 
protein must be bound in a buffer that has no free amino groups. 
Binding buffers should not contain extraneous proteins. If no other 
factors need to be considered, do the binding in 100 mM sodium 
phosphate (pH 7). 

4. Block the remaining sites for protein binding on the paper by 
incubating the sheet in 0.2 M ethanolamine (pH 7) for 2 hr at room 
temperature or overnight at 4°C. 

NOTE 

i. Diazotized antibody or antigen paper can be prepared up to 1 year before 
the assay and stored at 4"C in PBS with 0,02% sodium azide. 



*Renart et al. (1979) and Reiser and Wardale (1981) based on Alwine et al. (1977). 



ACTIVATED BEADS 



^r.^Zit t i^'^"^ ^^P^' ^^""^^ '^^^ activated by chemical 
treatment to produce an appropriate binding site for proteins with free 
ammo groups. The various types of these activated beads are dis 
cussed m detail in Chapter 13 (p. 528). The major advantage when 

cov^.nt?'^?;'^ '^"^ ^"^iS^^ °^ ^^^ibody is Lta^SeS 

covalently thus ensurmg a stable reactive phase. The disadvantages 
are caused by the use of the beads which makes washing of numerous 
samples a time consuming and tedious process. Consult Chapter 13 for 
the proper bmdmg and blocking conditions. 
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PROTEIN A BEADS 



In some assays protein A beads may be used to bind antibodies to a 
solid substrate. The protein A has a high affinity for the Fc region of 
some antibodies and thus can be used to bind antibodies without 
interfering with the antigen combining site. Protein A and its use are 
discussed in Chapter IS (p. 616). 
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Alternative Detection Methods 

Detection witfi Microscopic Particles 

Purified antigens or antibodies can be attached readily to a ran^e of 

fabelpn'' ''J? '^^"^ latex beads LtiSodies 

labeled in this way can be used to detect antigens on dot h nt«f ?n 

T::^^ °^ °" ^"^-"noblots. Whne this form of labeling L not 

as sensitive or quantitative as those described above it does have a 

resuftfcan hf ""''fK^- ^^^^^^^ ^^P^^^^^ - requted,'\^d the 
hpIh tn K H ^^sual inspection. Because the labe does not 

sfm^l . ^h'Tk^^P"'^ ^ '"^^^^^^^ °^ the protocol are 

Lmpks ^'^'"^^^^ ^"P^^^y ^^^y numbers of 



Agglutination 

«^ina^f' as described above are coated with specific antibody 

the pTrttcfelt^^^^^ T^^"^^^"^ ^° ' suspension of 

me particles will lead to cross-hnking and aggregation (agglutination^ 
These aggregates are detected by simple visLl inspection ShSilariv 
suspensions of antigen-coated particles are agglut Lte^V Sutio^^^^ 

S^i^Te^sLSf a\Th?°'^- -Sys ca?b?rstabSd 

using essentially all the assay geometries described above. 



